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Abstract 
The role of cholecystokinin (CCK) in the expression of seasonal variation in feed intake and feeding activity in ruminants was 
investigated by active immunisation of castrated male red deer (Cervus elaphus). In April, animals of two groups (five animals per group) 
were immunised against either CCK or vehicle solution only and booster injections were administered at 2-month intervals for the following 
year. Measurements were conducted for a period of more than a year from July. There were no significant effects of immunisation on mean 
daily food intake. However, there was a significant interaction (P< .01) between immunisation and month (season), with respect to rate of 
feed ingestion during meals, with animals immunised against CCK exhibiting higher mean rates of ingestion during October to May but 
lower mean rates during June to September. It is concluded that systemic CCK has a role in the expression of seasonal variation in the rate of 
feed ingestion during meals in ruminants and that this, in turn, may affect the pattern of seasonal change in daily feed intake. Since there was 
no evidence of differences with treatment in profiles of insulin, growth hormone (GR), thyroxine (T4)' triiodothyronine (T3), insulin-like 
growth factor-l (IGF-l) or prolactin, it is unlikely that this effect is expressed through changes in the profiles of these hormones. © 2001 
Elsevier Science Inc. All rights reserved. 
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1. Introduction 
Red deer exhibit large seasonal variations in daily feed 
intake [11,14], and a period of reduced intake during short-
day photoperiod (winter) is associated with a reduction in 
growth rate [12], which, in farmed deer, is economically 
undesirable. Potentially, the reduction in mean daily feed 
intake under short-day photoperiod could be overcome by 
manipulation of the balance of the metabolic hormones that 
regulate eating patterns (meal size, meal duration, intermeal 
interval, and ingestion rate). One form of manipulation, 
immunisation against cholecystokinin (CCK), has been 
shown to induce a long-term increase in mean daily feed 
intakes in pigs [17,18], suggesting that this hormone is 
involved in the long-term regulation of eating pattern and 
* Corresponding author. Tel.: +44-1224-318-611; fax: +44-1224-311-
556. 
E-mail address:s.rhind@mluri.sari.ac.uk (S.M. Rhind). 
level of daily feed intake. Studies oflambs [24], on the other 
hand, have failed to show such an increase in daily feed 
intake, suggesting that the physiological role of CCK differs 
with species. 
The role of CCK in the expression of photoperiod-
induced changes in meal patterns and rate of feed ingestion 
during meals, throughout the day, is unknown and the effect 
on these aspects of behaviour of immunisation against this 
hormone has not been investigated. 
The first objective of this study was to determine the 
effect of immunisation against CCK on the mean daily feed 
intake and eating patterns of red deer at different seasons. 
The effect of season on appetite and level of daily feed 
intake is mediated through changes in both meal pattern and 
rate of feed ingestion [20], and many humoral and neural 
factors, some of which operate in conjunction with CCK, 
have been implicated in the mediation of these processes of 
appetite regulation [9]. While some of the endocrine profiles 
associated with changes in eating pattern have been inves-
tigated, they are complex and their mechanisms of action 
0031-9384/01/$ - see front matter © 2001 Elsevier Science Inc. All rights reserved. 
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